a candidate for surgical resection because of a marked tendency for rupture and hemorrhage, with subsequent bleeding into the normal liver or abdominal cavity, and because of a potential for malignant transformation (3, 4, (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) .
Frequently, the diagnosis of FNH or HA can be aided by the presence of characteristic lesion features such as a central scar in the case of FNH (18 -20) or a heterogeneous appearance due to intralesional hemorrhage in the case of HA (11, 18, 19, 21) . However, these features are not present in every nodule and have often been reported in fewer than 50% of FNH and HA lesions (11, 16, 20, 22) . Although previous studies in which a variety of diagnostic procedures have been used have demonstrated accuracy of up to approximately 90% for the differential diagnosis of FNH and HA (3, 8, 9, 17, 23) , the accurate differentiation of these lesions remains problematic in the absence of histologic results from lesion biopsy (6, 8, 9, 24) . However, lesion biopsy may represent an increased risk in patients with HA because of the increased possibility of hemorrhage (3, 10) . The difficulty of differential diagnosis of FNH and HA is further compounded by the fact that both types of lesion typically occur in women of child-bearing potential, who may be asymptomatic, and with a history of oral contraceptive use (3, 4, 6, 19) . Because the formal diagnosis of these lesions usually results in different approaches to patient management and treatment, their accurate differentiation with noninvasive diagnostic imaging, leading to a redundant need for lesion biopsy, is highly desirable.
Currently, contrast material-enhanced magnetic resonance (MR) imaging is considered a highly accurate diagnostic procedure for the detection and characterization of focal liver lesions (25) and is often used as a problem-solving modality when equivocal findings are obtained with other imaging techniques (9, 10) . Unfortunately, the enhancement behavior of FNH and HA, particularly in small atypical lesions that do not have a central scar (in the case of FNH) or are nonhemorrhagic (in the case of HA), may be similar. Typically, both types of lesion demonstrate strong enhancement during the arterial phase after bolus administration of a conventional extracellular gadolinium-based contrast agent followed by moderate hyperintensity or isointensity during the subsequent portal venous and equilibrium phases. A similar pattern of enhancement has been noted on computed tomographic (CT) scans after administration of iodinated contrast agents (26) .
Gadobenate dimeglumine (MultiHance; Bracco Imaging, Milan, Italy) is a gadolinium-based contrast agent that is approved in Europe and other countries of the world for MR imaging of the central nervous system and the liver and in the United States for MR imaging of the central nervous system. Gadobenate dimeglumine differs from conventional gadolinium-based agents in that it possesses a two-fold greater T1 relaxivity in human plasma (9.7 L ⅐ mmol Ϫ1 ⅐ sec Ϫ1 at 0.47 T) because of weak and transient interaction of the gadolinium (Gd)-benzyloxypropionictetraacetate (BOPTA) contrast-effective moiety with serum albumin (27) (28) (29) , and because it undergoes elimination from the body through both the renal (95%-97% of injected dose) and hepatobiliary (3%-5% of injected dose) pathways (29, 30) . The hepatobiliary elimination appears to occur as a result of functioning hepatocytes taking up the Gd-BOPTA chelate of gadobenate dimeglumine and eliminating it via an anionic transporter across the sinusoidal membrane into the bile (31, 32) . It can be seen on T1-weighted images as a marked and long-lasting enhancement of the normal liver parenchyma (33) against which metastases and primary hepatic malignant lesions typically appear hypointense because of the absence of functioning hepatocytes, while FNH and other benign lesions appear iso-or slightly hyperintense (34 -36) . However, the situation may be different for HAs since these lesions lack bile ducts (2, 18) and thus may have altered hepatobiliary metabolism, which results in the absence of Gd-BOPTA uptake and transport compared with that occurring in other benign hepatocellular lesions. Similarly, liver adenomatosis (LA) lesions are histologically and radiologically identical to HAs (18, 37, 38) . Thus, our study was performed to prospectively determine the accuracy of differentiating benign FNH from HA and LA by using gadobenate dimeglumine-enhanced MR imaging.
MATERIALS AND METHODS

Study Population
A total of 73 patients (64 women, nine men; mean age, 38.1 years Ϯ 10.5 [Ϯ standard deviation]; range, 21-61 years) with one (n ϭ 51) or multiple (n ϭ 22) FNHs; 27 patients (22 women, five men; mean age, 39.4 years Ϯ 13.3; range 13-64 years) with one (n ϭ 23), two (n ϭ 3), or three (n ϭ 1) HAs; and eight patients (seven women, one man; mean age, 39.8 years Ϯ 6.8; range, 28 -50 years) with LA lesions were prospectively studied at three centers in Europe. There were no significant differences between the group of patients with FNH and the group of patients with HA and LA lesions either in terms of the age of the evaluated subjects (P ϭ .604, Student t test) or the distribution of men and women (P ϭ .518, Fisher exact test). However, the proportion of women to men in each group was significantly different (P Ͻ .001 for the FNH group and P ϭ .001 for the HA and LA group, 2 test), which reflects a greater prevalence of these lesions among the female population (3, 6, 9, 24) .
Patients were included for evaluation in a consecutive manner at each center on the basis of the final diagnosis of the investigating radiologist (L.G., G.M., or G.S., each with more than 12 years of experience in liver MR imaging and 8 years of experience in liver MR imaging specifically with gadobenate dimeglumine). All patients were included as part of routine clinical practice. In most cases, patients were referred for MR imaging either to confirm a previous diagnosis or because they were returning for follow-up examinations of a previously diagnosed lesion. To prevent the possibility of selection bias, all patients with a lesion diagnosed as FNH or HA and LA who were examined during the specified period of the study were included in the evaluation. Patients with FNH were examined between January and September 2003, including 10 patients returning for follow-up MR examinations for previously diagnosed FNH. Patients with HA and LA were examined over a longer period of time (between March 1999 and September 2003), which reflects the rarer incidence of these lesions. The ethics committee at each center approved the study. All patients provided informed consent. All data and information derived from and pertaining to the study were under the exclusive control of the investigating radiologists. Author M.A.K., an employee of Bracco, did not have control over any data or information and played no part in patient enrolment or examination.
Of the 73 patients with FNH, 12 (16.4%) had pain in the upper abdomen. The remaining 61 patients were asymptomatic; the presence of FNH in these patients was an incidental finding at abdominal imaging performed for other reasons. Among the 35 patients with HA or LA, 21 patients had chronic upper quadrant pain and 14 were asymptomatic. Twenty-three of the 64 female patients with FNH, 13 of the 22 female patients with HA, and five of the seven female patients with LA had a history of taking oral contraceptives. None of the male patients in the study were taking steroids. Among the patients with FNH, five patients had a history of breast cancer, two patients had a history of melanoma, one patient had a history of pulmonary carcinoid, one patient had a history of endometrial carcinoma, and one patient had a history of retroperitoneal Schwannoma infiltrating the kidneys. Among the patients with HA or LA, one patient had a history of thyroid cancer, one patient had hepatitis C, one patient had a history of ulcerative colitis, one patient had hypertension, and one patient had perinatal thrombosis of the portal vein.
A 
MR Imaging Protocol
The same MR imaging protocol was used in each institution. All patients were imaged with a superconducting imager (Magnetom Symphony or Magnetom Vision; Siemens Medical Systems, Erlangen, Germany) operating at 1.5 T by using a body-array coil. MR imaging was performed by using T2-weighted turbo spinecho sequences with or without fat saturation (repetition time msec/echo time msec, 4000/90 -108; flip angle, 150°; echo train length, 29) or T2-weighted half-Fourier rapid acquisition with relaxation enhancement (RARE) (HASTE; Siemens Medical Systems) sequence (ϱ/74, 180°flip angle) and T1-weighted gradient-echo (GRE) in-phase (140 -160/4.7, 70°flip angle) and out-of-phase (140 -160/2.6, 70°flip angle) sequences or T1-weighted volumetric interpolated breathhold examination (VIBE) (6.2/2.5, 15°fl ip angle). Images were acquired prior to the administration of contrast agent (T2-weighted fast spin-echo and T1-weighted GRE or VIBE images); during the dynamic phase of contrast enhancement (T1-weighted GRE or VIBE images only) at 25-30 seconds (arterial phase), 70 -90 seconds (portal venous phase), and 3-5 minutes (equilibrium phase) following intravenous bolus (2-2.5 mL/sec) administration of gadobenate dimeglumine at a dose of 0.1 mmol per kilogram of body weight; and during a later delayed hepatobiliary phase (T1-weighted GRE images only) at one or more time points between 1 and 3 hours after injection. Postcontrast delayed phase images were acquired with and without fat suppression. The section thickness was 6 mm for unenhanced images and images acquired during the delayed phase and between 6 and 10 mm, depending on the hepatic volume, for images acquired during the postcontrast dynamic phase. T2-weighted half-Fourier RARE images of the entire liver were acquired either in a single slab with a total breath-hold acquisition time of 19 -21 seconds or in two slabs of 11 sections with an acquisition time of 14 seconds each. T2-weighted fast spin-echo and T1-weighted GRE images of the entire liver were acquired in single breath-hold acquisitions of 19 -23 seconds. The T1-weighted VIBE images were acquired with a single breath-hold acquisition of 18 seconds. A matrix size of 160 ϫ 256 was used with a rectangular field of view of 350 -420 mm.
Image Analysis
Images were evaluated in consensus by three investigating radiologists (L.G., G.M., G.S.) in terms of the intensity and homogeneity of the lesion signal intensity on in-phase MR images acquired before contrast agent administration and during the dynamic and delayed phases of the MR study. Images were also evaluated for the presence of a central scar or atypical lesion features. The signal intensity was considered homogeneous when equal signal intensity was observed in all parts of the lesion with the exception of the central scar, if present. In each case, assessment of images from each patient was performed in a similar manner to that which occurs in routine practice, with all image sets available for simultaneous evaluation. The three readers in consensus were required merely to designate each detected lesion as hypointense, isointense, or hyperintense to the surrounding normal liver parenchyma and to decide whether the lesion was homogeneous and possessed a central scar or not. Thus, while in all cases two of the three readers were blinded to all the details of a given case and to the final diagnosis of the lesion, there was no diagnostic element to the evaluation procedure and no requirement for readers to state whether a lesion was an FNH, HA, or LA. Matching of the lesion enhancement patterns with the final diagnosis of the lesions was performed subsequently, after image evaluation was complete.
On the basis of features observed on precontrast and dynamic phase images and of prior reports of the appearance and enhancement characteristics of FNH (17, 19, 26, 36) , lesions diagnosed as FNH were defined as either typical or atypical. Lesions were considered typical when they appeared homogeneously isointense or slightly hyperintense with respect to the normal surrounding liver parenchyma on T2-weighted fast spin-echo images and isointense or slightly hypointense on T1-weighted GRE images before administration of gadobenate dimeglumine. Typical behavior during the dynamic phase of contrast enhancement was noted when the lesion demonstrated marked and homogeneous signal intensity enhancement during the arterial phase, rapid and homogeneous signal intensity washout during the portal venous phase, and signal isointensity during the equilibrium phase. A typical scar was revealed as a hyperintense central stellate area on T2-weighted fast spin-echo images and as a hypointense area on T1-weighted GRE images. During the dynamic phase of contrast enhancement, a typical scar appeared hypointense during the arterial and portal venous phases and slightly hyperintense during the equilibrium phase. The presence of a scar was considered necessary for the definition of a typical lesion only for lesions greater than 3 cm in size.
Atypical features of FNH consisted of the following: lesion heterogeneity, hypointensity in the portal venous or equilibrium phases, absence of a central scar in lesions greater than 3 cm, scar hypointensity on T2-weighted fast spin-echo images, and scar hypointensity in the equilibrium phase following contrast agent injection. Other atypical features were the presence of a pseudocapsule, which was observed as a complete hyperintense perilesional ring during the equilibrium phase, the presence of hemorrhage, and the presence of necrosis.
As in the case of FNH, typical features of HA and LA lesions were iso-or slight hyperintensity with respect to the normal surrounding liver parenchyma on precontrast T2-weighted fast spin-echo images and iso-or slight hypointensity on T1-weighted GRE images, possibly with areas of increased signal intensity due to the presence of fat and/or subacute hemorrhage and areas of reduced signal intensity due to necrosis or old hemorrhage (17, 19, 21, 37, 39) . On dynamic phase images after the injection of gadobenate dimeglumine, typical HA and LA lesions demonstrated marked signal intensity enhancement during the arterial phase, followed by persisting hyperintensity during the portal venous phase and slight hyperintensity or isointensity to the normal liver parenchyma during the equilibrium phase. Other features observed during dynamic imaging that were considered typical, of larger HA in particular, were focal heterogeneous nonenhancing hypointense areas corresponding to areas of necrosis, calcification, or fibrosis.
On delayed images after gadobenate dimeglumine administration, typical FNHs have been reported to have an isointense or hyperintense appearance relative to the surrounding normal liver parenchyma, while preliminary experience has suggested that HA and LA lesions have a marked hypointense appearance (36) . A hypointense central scar is also typical of FNH on postcontrast delayed MR images (36) .
Statistical Analysis
The sensitivity, specificity, positive predictive value, negative predictive value, and overall accuracy for the differentiation of FNH from HA and LA lesions were determined on the basis of postcontrast lesion enhancement patterns on delayed MR images. A true-positive lesion was a lesion with a final diagnosis of FNH and was isointense or hyperintense to the surrounding liver parenchyma, a truenegative lesion was a lesion with a final diagnosis of HA or LA and was hypointense to the surrounding liver parenchyma, a false-positive lesion was a lesion with a final diagnosis of HA or LA and was isointense or hyperintense to the surrounding liver parenchyma, and a false-negative lesion was a lesion with a final diagnosis of FNH and was hypointense to the surrounding liver parenchyma.
The results of delayed phase imaging were analyzed with the 2 test to determine the significance of the differences in the signal intensity between FNH and HA and LA lesions. A possible correlation between multiple lesions in individual subjects was taken into consideration by performing an additional 2 test of just a single lesion in these patients and by using generalized estimating equation methods with a level of significance of P Ͻ .05.
The power of the study for an equal proportion of hypointense lesions was determined with the 2 test. Assuming that 90% of FNH lesions and 10% of HA and LA lesions would be classified as either hyperintense or isointense, we calculated that the study power would exceed 99% with 100 lesions in each group by using a two-sided test with an ␣ level of .05. All analyses were performed with SAS software (version 8.2; SAS Institute, Cary, NC).
RESULTS
The enhancement behavior of the lesions on precontrast and postcontrast dynamic and delayed phase images is shown in the Table.
Precontrast Unenhanced Imaging
On precontrast T2-weighted fast spinecho or T2-weighted half-Fourier RARE images, 100 (78.1%) of 128 FNH lesions were either slightly hyperintense or isointense to the surrounding parenchyma, while the remaining 28 lesions were either not visible (n ϭ 27) or were atypically slightly hypointense (n ϭ 1). On the corresponding precontrast T1-weighted GRE images, 99 (77.3%) lesions were isointense or slightly hypointense. Among the visible lesions, all but four showed homogeneous signal intensity. A hyperintense central scar was apparent on precontrast T2-weighted images in 36 FNH lesions, of which 29 were detected in 60 lesions that were 3 cm or larger in size and seven were detected in 68 lesions smaller than 3 cm in size. Hypointense central scars on precontrast T1-weighted GRE images were detected in 40 
Postcontrast Dynamic Phase Imaging
During the arterial phase, 122 of 128 FNHs showed marked homogeneous hyperintensity to the surrounding normal liver parenchyma, while the remaining six lesions showed heterogeneous hyperintensity. Slight hyperintensity that persisted into the portal venous and equilibrium phases was noted for 60 (46.9%) and 42 (32.8%) lesions, respectively (Figs 1-4). All but one of the remaining lesions were isointense in the portal venous and equilibrium phases; the one exception was a small (Ͻ1-cm) FNH, which had a very slight hypointense appearance. A hypointense central scar was noted in 48 of 128 lesions on arterial phase images, of which 36 were seen in lesions 3 cm and larger (Fig 1c) and 12 were seen in lesions smaller than 3 cm but larger than 2 cm in size. Of the 48 hypointense scars, 45 were seen as hyperintense during the equilibrium phase. The remaining three hypoin- tense scars were either isointense (n ϭ 1) or retained an atypical hypointense appearance during the equilibrium phase (n ϭ 2, both in lesions Ͻ3 cm in size).
Four atypical hyperintense scars were also noted in four lesions on arterial phase images. These scars were either hyperintense (n ϭ 3) or isointense (n ϭ 1) on equilibrium phase images. A total of 49 hyperintense scars were detected on equilibrium phase images, of which 38 were in lesions 3 cm or larger and 11 were On unenhanced transverse T1-weighted GRE (160/4.7, 70°flip angle) image, the lesion is clearly hypointense to the surrounding parenchyma. (c) On corresponding postcontrast arterial phase T1-weighted GRE image, the lesion (arrow) demonstrates strong homogeneous enhancement and appears isointense and faintly hyperintense during subsequent (d) portal venous phase. No central scar is apparent, and accurate diagnosis is difficult on the basis of unenhanced and dynamic phase images alone. (e) On corresponding T1-weighted GRE image acquired 3 hours after injection of gadobenate dimeglumine, the lesion (arrow) has an atypical appearance with nodular areas of isointensity and slight hyperintensity interspersed with abundant internal hypointense septa, which results in the lesion appearing predominantly hypointense relative to the surrounding normal parenchyma. A characteristic central scar is not apparent and lesion biopsy is indicated. Based on the presence of characteristic lesion features during the dynamic phase of contrast enhancement, a tentative diagnosis was possible for 53 (41.4%) of 128 FNH and 17 (15.9%) of 107 HA and LA lesions. Because of overlapping contrast enhancement behavior and the absence of characteristic features in a large number of lesions, confident differential diagnosis was not possible for 165 (70.2%) of 235 lesions on the basis of dynamic phase imaging alone. The number of lesions for which a confident differential diagnosis was possible was not altered with the combined assessment of both unenhanced and dynamic phase images.
Postcontrast Hepatobiliary Phase Imaging
On delayed phase T1-weighted GRE images acquired at 1-3 hours after administration of gadobenate dimeglumine, 124 (96.9%) of 128 FNH lesions appeared either hyperintense (n ϭ 87, 68.0%) or isointense (n ϭ 37, 28.9%) to the surrounding enhanced normal parenchyma (Figs 1f, 2f, 4f ). An atypical slightly hypointense nodular appearance compared to the surrounding parenchyma was noted for the remaining four (3.1%) FNH lesions (Fig 3e) . In all cases in which delayed images were acquired at two or more time points between 1 and 3 hours after injection, lesions that were hyperintense to the normal parenchyma after 1 hour were equally or slightly more hyperintense at later time points up to 3 hours after injection. Similarly, lesions that were isointense after 1 hour were also isointense subsequently. The appearance of FNH lesions was considered to be homogeneous in 87 (68.0%) of 128 lesions, slightly heterogeneous in 23 (18.0%) lesions, and with peripheral enhancement in 18 (14.0%) lesions. A hypointense central scar was noted in 53 of 128 lesions overall on delayed phase images, with most scars noted in lesions 3 cm and larger in size (38 of 60 lesions). Hypointense central scars were noted in just 15 of 68 FNH lesions smaller than 3 cm in size. In 13 cases, these lesions were 2 cm or larger, and in two cases they were 1.5 cm in size.
Each of the four FNH lesions that were atypically slightly hypointense on delayed images after administration of gadobenate dimeglumine had a nodular appearance that consisted of internal areas that enhanced at least to the same extent as the surrounding normal parenchyma interspersed by abundant internal hypointense fibrous septa (Fig  3e) . The presence of hypointense fibrous septa resulted in these lesions having a predominantly hypointense appearance.
Unlike FNH, all 107 (100%) HA and LA lesions were hypointense to the enhanced normal liver parenchyma on postcontrast delayed images. Among HAs, homogeneous hypointensity was noted for 25 of 32 lesions (Figs 4f, 5e ) and heterogeneous hypointensity was noted for seven of 32 lesions. All but two of the 75 LA lesions were homogeneously hypointense (Fig 6e) .
The interpretation of lesions was similar on images acquired with and without fat suppression. However, an overall benefit of evaluating delayed phase images with fat suppression was a more pronounced hyperintense appearance of the FNH lesions. Thus, fat-suppressed images generally highlighted the differential enhancement behavior between FNH and HA and LA. On corresponding T1-weighted GRE image acquired 3 hours after injection of gadobenate dimeglumine, the lesion (arrow) is homogeneously hypointense to the normal parenchyma, which enables the differential diagnosis of FNH to be excluded. Although alternative diagnosis such as hypervascular hepatocellular carcinoma or hypervascular metastasis cannot be excluded, the hypointense appearance at hepatobiliary phase imaging is sufficient to indicate a lesion for which resection should be considered. 
Radiology
Accuracy By taking lesion hyperintensity or isointensity on delayed images after gadobenate dimeglumine administration as indicative of FNH (a true-positive lesion) and lesion hypointensity as indicative of HA or LA (a true-negative lesion), the sensitivity, specificity, positive predictive value, negative predictive value, and overall accuracy for the differentiation of FNH from HA and LA were 96.9%, 100%, 100%, 96.4%, and 98.3%, respectively. The difference in appearance between FNH and HA and LA lesions on postcontrast delayed images was highly significant ( 2 ϭ 219.5, df ϭ 2, P Ͻ .001). Additional analyses performed to take into account possible correlations between multiple lesions in individual patients produced similar findings: Highly significant differences between FNH and HA and LA lesions were noted with both 2 analysis of just a single lesion in each patient ( 2 ϭ 95.4, df ϭ 1, P Ͻ .001) and with an overall analysis by using generalized estimating equation methods (Z ϭ 6.81, P Յ .0001). On the basis of these results and the sample size, the computed power of the test exceeded 99.9%.
DISCUSSION
Although FNH, HA, and LA liver lesions are all benign, HA and LA lesions are frequent candidates for surgical intervention because of their potential for malignant transformation and, in the case of larger (Ͼ5-cm) lesions in particular, their propensity for spontaneous rupture and hemorrhage (3, 4, (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) . The clinical need is therefore to differentiate these lesions accurately at noninvasive diagnostic imaging without recourse to lesion biopsy. Unfortunately, the imaging techniques available at present in routine practice are not always specific for the differential diagnosis of these lesions (3, 8, 9, 17, 23) . Furthermore, the comparatively frequent occurrence of atypical lesions, which do not possess morphologic features considered characteristic for these lesions, may further complicate the diagnosis.
A recent study performed to define the use of gadobenate dimeglumine for the characterization of FNH revealed that 21% of the lesions evaluated were morphologically atypical (36) . Authors of earlier studies suggested that 50% or more of FNH and HA lesions may not possess the features considered characteristic for these lesions (11, 16, 20, 22) . The difficulty in differentiating FNH from noncomplicated HA on the basis of unenhanced T1-and T2-weighted images or enhanced T1-weighted images after use of a conventional gadolinium-based contrast agent is well known. Both types of lesions enhance strongly during the arterial phase and then either retain a hyperintense appearance or demonstrate isointensity with the normal liver parenchyma during subsequent portal venous and equilibrium phases. Findings of the present study reveal that while FNH and HA and LA lesions cannot be differentiated reliably on unenhanced and postcontrast dynamic phase MR images, highly accurate differentiation of these lesions is possible on delayed images acquired at 1-3 hours after the administration of gadobenate dimeglumine. Specifically, the overall accuracy for the differentiation of FNH from HA and LA on the basis of delayed hepatobiliary phase images alone was 98.3%. Of the 235 lesions evaluated, just four (3.1%) of 128 relatively small FNHs demonstrated atypical hypointensity on hepatobiliary phase images. In each case, the lesion was nodular in appearance with internal areas of characteristic iso-or hyperintensity interspersed by abundant hypointense internal fibrous septa. Histologic findings confirmed the FNH character of these lesions without revealing any obvious differences from histologically confirmed FNH that demonstrate typical homogeneous hyperintensity on delayed images.
The overall different enhancement behavior of FNH and of HA and LA on postcontrast delayed images can be ascribed to the different structural and functional features of the lesions and to the capacity for uptake of the Gd-BOPTA contrast-effective chelate of gadobenate dimeglumine by lesions with functioning hepatocytes. The Gd-BOPTA chelate of gadobenate dimeglumine, unlike the Gd chelates of other available gadoliniumbased agents, has a dual route of elimination through both the renal and hepatobiliary pathways (29, 30, 33) . Approximately 3%-5% of the injected dose is taken up into functioning hepatocytes and is eliminated into the bile across the sinusoidal membrane by means of the adenosine triphosphate-dependent canalicular multispecific organic anion transporter peptide that transports bilirubin (31, 32) . Thus, lesions containing functioning hepatocytes in which hepatobiliary metabolism is largely unaltered compared with that of normal hepatocytes may be expected to take up the Gd-BOPTA chelate in a similar manner and to excrete it into the bile. Such lesions are typically benign (eg, FNH and nodular regenerative hyperplasia) and usually appear at least isointense to the normal liver parenchyma on postcontrast delayed MR images (36, 40) . Conversely, lesions that do not contain functioning hepatocytes in which hepatobiliary metabolism is blocked or inhibited are generally unable to take up and excrete Gd-BOPTA into the bile. Such lesions are typically malignant (eg, hepatocellular carcinoma, metastases) and usually appear hypointense to the normal liver parenchyma on postcontrast delayed MR images. Previous study findings have confirmed that malignant lesions generally appear hypointense on delayed phase images (33, 35, 41, 42) ; only a few well-differentiated hepatocellular carcinomas have been shown to retain sufficient hepatocytic functionality to take up Gd-BOPTA (42) .
Both FNH and HA or LA lesions are hypervascular, which accounts for their similar behavior on postcontrast dynamic phase images when lesion enhancement is entirely due to differential contrast agent distribution between the lesion and normal liver parenchyma in the initial 2-3 minutes after contrast agent injection. In the case of FNH, this lesion is considered to be the result of a hyperplastic response to the presence of a preexisting vascular malformation and occurs when increased arterial flow hyperperfuses the local parenchyma, leading to secondary hepatocellular hyperplasia (1) . Histologically, FNH is characterized by the presence of normal hepatocytes with a malformed biliary system in which the primary bile ductules are blind-ending and have no connection to the larger bile ducts. As a consequence, biliary excretion is slowed compared with that occurring in normal hepatocytes (2) . HA and LA, on the other hand, are composed of cordlike arrangements of cells structured in large plates separated by dilated sinusoids (43) . These sinusoids are the equivalent of thinwalled capillaries. HA and LA differ from FNH in lacking a portal venous supply; these lesions are perfused solely by arterial pressure deriving from peripheral arterial feeding vessels (40) . The hypervascular nature of HA and LA is due principally to the extensive sinusoids and feeding arteries and to the poor connective tissue support, which is a primary factor in predisposing the lesion to hemorrhage.
The key histologic feature that enables HA and LA to be distinguished from FNH on postcontrast delayed phase images is that, whereas FNH possess malformed biliary ductules, HA and LA do not possess biliary ductules at all (2, 18) . Hence, bilirubin metabolism is blocked within HA and LA, as confirmed by the absence of bile within resected lesions (11) . In the case of FNH, it is likely that the iso-or hyperintense appearance of lesions on delayed images reflects a normal ability to take up Gd-BOPTA and a normal ability to transport it across the sinusoidal membrane into the primary bile ductules. However, the absence of any connection between the malformed blind-ending primary ductules and the larger bile ducts thereafter impairs normal hepatobiliary elimination and results in an accumulation of Gd-BOPTA within the ductules and hence persistent enhancement of the lesion. Over time, as hepatobiliary elimination from the surrounding normal hepatocytes leads to continually decreasing signal intensity enhancement in normal parenchyma, the hyperintense appearance of FNH would be expected to increase, augmented by the re-uptake of Gd-BOPTA from the blind-ending biliary ductules into the hepatocytes of the lesion. Observations in this study and in a previous study (36) have confirmed that the hyperintensity of FNH relative to the normal liver parenchyma is frequently increased on images acquired 3 hours after gadobenate dimeglumine administration compared with that on images acquired 1 hour after administration.
In the case of HA and LA, it is reasonable to assume that the absence of biliary ductules within the lesion results in altered hepatocellular transport compared with that occurring in normal hepatocytes. Thus, while the mechanism of Gd-BOPTA entry into the hepatocytes of HA and LA may be unaltered, the absence of an intracellular transport gradient due to lack of any active transport across the sinusoidal membrane would manifest as hypointensity against normal enhanced parenchyma on delayed images, in which enhancement is derived from the presence of Gd-BOPTA in both the hepatocytes and the adjacent biliary system. Unfortunately, despite numerous studies aimed at elucidating the mechanism of hepatocellular transport (31, 32) , it is as yet unclear whether Gd-BOPTA entry into hepatocytes occurs passively or by means of an organic anion transporting peptide (32) . Further work is required to determine whether the hypointense appearance of HA and LA on delayed images reflects solely the lack of intracellular transport in combination with free entry into and out of hepatocytes or whether entry of Gd-BOPTA across the hepatocellular membrane is blocked completely.
As with hypointense malignant lesions, the hypointense appearance of HA and LA on postcontrast delayed images can be taken as indicating a possible candidate for surgical resection. However, it is also important to be able to distinguish these lesions from other focal lesions that typically appear hypointense in the delayed phase after gadobenate dimeglumine administration such as capillary hemangioma, hypervascular metastases, and epithelioid hemangioendothelioma. In the case of capillary hemangioma, accurate differentiation is usually possible because of the strongly hyperintense appearance of these lesions on T2-weighted images, their much stronger enhancement on T1-weighted arterial phase GRE images, and the fact that capillary hemangiomas are usually smaller than 2 cm in size (44) .
Hypervascular metastases from primary pancreatic islet cell or renal cell cancer or more pertinently in the age group of women likely to have HA, breast cancer, or thyroid cancer may also appear hyperintense in the arterial phase particularly when small in size (45) . However, these lesions characteristically appear hyperintense on T2-weighted images, often with central necrotic areas and irregular margins. Moreover, these lesions are often multiple and distinguishable by the absence of fat and hemorrhage, both of which are common in HA (16, 18, 21) . Epithelioid hemangioendothelioma likewise can be distinguished from HA by the absence of fat and calcifications and by the fact that these lesions typically occur in young patients; are usually coalescent in a subcapsular location; and are associated with capsular retraction, abundant central fibrous tissue, and a hypervascular periphery (37, 46) . On occasion, hypervascular hepatocellular carcinoma in a noncirrhotic liver may also display imaging features that are difficult to differentiate from those of HA. Generally, however, hypervascular hepatocellular carcinomas tend to be more hyperintense than HAs on T2-weighted images and to demonstrate less homogeneous enhancement on postcontrast arterial phase T1-weighted GRE images, depending on size and degree of differentiation (47) . Furthermore, hypervascular hepatocellular carcinoma can frequently be distinguished from HA by the presence of a peripheral capsule, which is usually absent in HA.
For the successful differential diagnosis of HA and LA from other hypervascular focal lesions, the possibility to acquire conventional dynamic phase images in addition to delayed hepatobiliary phase images is fundamental. In this regard, the dual imaging capability of gadobenate dimeglumine represents a clear advantage over pure hepatobiliary agents such as the manganese-based agent mangafodipir trisodium, for which only delayed phase imaging is possible (48) . Although few studies have been performed with other liver-specific contrast agents, sufficient findings have been reported to suggest that accurate differentiation of FNH from HA may be more problematic. Specifically, both FNH and HA have been reported to enhance on delayed images after the injection of mangafodipir trisodium (49, 50) , while overlapping uptake of superparamagnetic iron oxide particles precluded confident differential diagnosis of HA from FNH following ferumoxides administration (51, 52) . In our experience with three patients with four HAs and three patients with LA who each underwent MR imaging on separate occasions with gadobenate dimeglumine, mangafodipir trisodium, and superparamagnetic iron oxide, all adenomas demonstrated uptake of mangafodipir trisodium and appeared isointense to the normal liver parenchyma and thus indistinguishable from FNH. In contrast, after superparamagnetic iron oxide administration, these lesions were either isointense or hyperintense depending on the presence of Kuppfer cells.
Although the results clearly demonstrate that FNH and HA and LA lesions can be distinguished readily on delayed phase images after gadobenate dimeglumine administration, the study is possibly limited in that histologic results were not available for all of the FNH lesions. However, it should be borne in mind that histologic data are typically not acquired in routine practice for focal lesions with morphologic features (ie, central scar) characteristic of FNH. Moreover, in countries in which gadobenate dimeglumine is available, this primary differential criterion is augmented by the characteristic hyper-or isointense appearance on delayed images, which has been shown to permit accurate identification of even atypical FNH lesions (ie, lesions lacking a central scar) (36) . In the present study, histologic data were not acquired when the lesion enhancement patterns on dynamic and delayed images were fully consistent with a diagnosis of FNH.
In summary, the present study findings show that highly accurate differen- tial diagnosis of FNH from HA and LA is achievable on delayed hepatobiliary phase MR images after gadobenate dimeglumine administration. HA and LA lesions are seen as markedly hypointense against the enhanced normal liver parenchyma, which should be taken as indicating a candidate lesion for surgical resection. Conversely, FNH invariably has an iso-or marked hyperintense appearance, which indicates that the lesion is truly benign and that a conservative approach to patient management may suffice. The enhancement pattern on dynamic phase images provides information about the hypervascular nature of both types of lesion and, in the case of HA and LA, can aid in differentiation of these lesions from true hypovascular malignant lesions. Further work is warranted to validate the clinical use of these findings in a more diverse lesion population.
